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(54) ONE-PIECE END WINDING SUPPORT WITH INTEGRATED LUBRICANT MANIFOLD

(57) An end winding support 46 for a generator rotor
includes a support body 48 with an annular inner surface
56 configured to be radially outward from a rotor shaft
36, a plurality of winding support arms 50 extending ra-
dially outward from the support body, and a plurality of
orifices 58 extending from the annular inner surface of

the support to an exterior surface of the support body
adjacent the plurality of winding support arms with the
plurality of orifices configured to transfer lubricant from
a surface of the rotor shaft to a plurality of windings lo-
cated on the plurality of winding support arms.
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Description

BACKGROUND

[0001] The present disclosure relates to a generator
and, in particular, to a main rotor of a generator.
[0002] Typically, a generator includes a rotor having a
plurality of windings (made up of electrically conductive
wires) wrapped around elongated poles on a rotor core.
The rotor is driven to rotate by a source of rotation, a
prime mover such as a turbine rotor. The generator rotor
rotates in proximity to a stator, and the rotation of the
rotor, which is an electromagnet due to electricity running
through the windings, induces a voltage in the stator. The
voltage in the stator can be applied to external electrical
components, providing electrical power to those compo-
nents. During operation, the generator rotor rotates at
very high speeds, creating centrifugal forces on the poles
and windings that may cause the wires of the windings
on the poles to move. End winding supports at each end
of the poles are used to support the windings under cen-
trifugal load and ensure that the wires do not move from
a desired position.

SUMMARY

[0003] An end winding support for a generator rotor
includes a support body with an annular inner surface
configured to be radially outward from a rotor shaft, a
plurality of winding support arms extending radially out-
ward from the support body, and a plurality of orifices
extending from the annular inner surface of the support
body to an exterior surface of the support body adjacent
the plurality of winding support arms. The plurality of or-
ifices is configured to transfer lubricant from a surface of
the rotor shaft to a plurality of windings located on the
plurality of winding support arms.
[0004] A rotor for a generator includes a shaft, a rotor
core radially outward from the shaft and having a plurality
of poles spanning axially along the rotor core, and an end
winding support radially outward from the shaft and ad-
jacent to the rotor core. The end winding support includes
a support body with an annular inner surface adjacent to
the shaft, a plurality of winding support arms that extend
radially outward from the support body, and a plurality of
orifices extending from the annular inner surface of the
support body to an exterior surface of the support body
adjacent the plurality of winding support arms. The rotor
also includes a plurality of windings with each winding
being wrapped axially around each of the plurality of
poles and a corresponding end winding support arm. The
rotor is configured such that the plurality of orifices can
transfer lubricant from a surface of the shaft to the plu-
rality of windings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]

FIG. 1 is a general schematic sectional view of a
generator for a gas turbine engine.
FIG. 2A is a perspective view of a main rotor assem-
bly.
FIG. 2B is a perspective view of a main rotor assem-
bly without the windings.
FIG. 3 is a perspective view of an end winding sup-
port.
FIG. 4A is a cross-section elevation view of the end
winding support.
FIG. 4B is a cross-section perspective view of the
end winding support.

DETAILED DESCRIPTION OF THE DRAWINGS

[0006] An end winding support for a generator rotor is
disclosed herein that includes a lubricant manifold that
provides cooling lubricant, such as oil, from the interior
of the rotor, and more specifically, from the rotor shaft,
to an electrically conductive wire winding wrapped
around a portion of the rotor. The lubricant manifold can
include orifices that extend through the end winding sup-
port and allow oil or another lubricant to pass from the
rotor shaft to the windings. The lubricant manifold can
also include an annulus on the radially annular inner sur-
face of the end winding support to provide a space for
the lubricant to accumulate before passing through the
orifices. The annulus can be a metering device to ensure
that a proper amount of lubricant is being transferred
through the orifices. Additionally, the end winding support
can include a crowned surface on winding support arms,
which are adjacent to the windings, to reduce stresses
on the windings while holding the individual wires in
place. The end winding support is one continuous piece
that circumferentially encircles the rotor shaft and is
placed onto the rotor core, with the rotor shaft protruding
through the end winding support and rotor core during
installation. The one-piece configuration of the end wind-
ing support is preferred on some generators to provide
a more complete connection between the rotor and the
end winding support and to reduce the number of pieces
that can become damaged during operation. The lubri-
cant manifold (the orifices and annulus) is integrated into
the end winding support to allow for lubricant, such as
oil, to be distributed to the windings without additional
and cumbersome lubricant/oil distribution components.
[0007] FIG. 1 is a general schematic sectional view of
a generator. Generator 20 is driven by prime mover T,
which can be, for example, a gas turbine engine. Gen-
erator 20 produces electrical energy when being driven
by prime mover T. Generator 20 generally includes dy-
namoelectric portion 22, positive displacement pump 24,
and gearbox 26, all of which are contained within housing
assembly 28. Although a variable frequency generator
(VFG) is illustrated in the disclosed embodiment, it should
be understood that other generator systems, such as a
variable frequency starter generator (VFSG) and inte-
grated drive generator (IDG), are also within the scope
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of the invention.
[0008] Dynamoelectric portion 22 in the disclosed,
non-limiting embodiment is a three-phase machine that
includes permanent magnet generator 30, main exciter
32, and main generator 34 (the three phases) mounted
along rotor shaft 36, which rotates about axis of rotation
A. Permanent magnet generator 30 includes rotor as-
sembly 30A and stator assembly 30B, main exciter 32
includes rotor assembly 32A and stator assembly 32B,
and main generator 34 includes rotor assembly 34A and
stator assembly 34B. Stator assemblies 30B, 32B, and
34B are installed in housing assembly 28 and do not ro-
tate while rotor assemblies 30A, 32A, and 34A are in-
stalled on rotor shaft 36 and rotate in unison. Housing
assembly 28 may be closed at one end by drive-end cov-
er assembly 28A through which rotor shaft 36 extends
and at the other end by non-drive-end cover assembly
28B through which rotor shaft 36 does not extend.
[0009] Permanent magnet generator 30, with rotor as-
sembly 30A and stator assembly 30B, supplies power
for generator excitation, as well as power for other com-
ponents of an electrical system. Main exciter 32, with
rotor assembly 32A and stator assembly 32B, receives
field excitation from permanent magnet generator 30
through the generator power control unit (GPCU). The
output of main exciter 32 is supplied to rotor mounted
diode pack 37. Diode pack 37 can be divided into six
diodes to provide a three-phase full wave bridge rectifi-
cation. The DC current output of diode pack 37 supplies
main generator 34 with electricity. Main generator 34,
with rotor assembly (main rotor assembly) 34A and stator
assembly (main stator assembly) 34B, outputs power to
supply exterior electrical energy needs.
[0010] FIG. 2A is a perspective view of main rotor as-
sembly 34A with the windings in view, while FIG. 2B is a
perspective view of main rotor assembly 34A without the
windings shown. Main rotor assembly 34A includes,
among other components, a portion of rotor shaft 36,
rotor core 38 (which includes poles 40 having pole body
40A and wings 40B), windings 42, pole winding supports
44, and end winding support 46. Ending winding support
46 include support body 48 and winding support arms 50
(shown in FIG. 2B).
[0011] As discussed above, main rotor assembly 34A
is radially outward from and mounted on rotor shaft 36
so that main rotor assembly 34A rotates with rotor shaft
36 (which is driven by prime mover T) about axis of ro-
tation A. Rotor shaft 36 can have a constant diameter
along the axial length of rotor shaft 36 or can have a
varying diameter depending on design considerations.
[0012] Rotor core 38 is radially outward from rotor shaft
36 and is the principal structural component of main rotor
assembly 34A. Rotor core 38 extends axially along rotor
shaft 36 and rotates in unison with rotor shaft 36. Rotor
core 38 can be made from a variety of suitable materials,
including metal or another material than can handle the
elevated temperatures and high centrifugal forces
caused by the rotation of rotor assembly 34A.

[0013] Poles 40 are radially extending components of
rotor core 38. Poles 40 run axially along the outer side
of rotor core 38 and can span the entire axial length of
rotor core 38. Poles 40 can be made from the same ma-
terial as rotor core 38, and rotor core 38 and poles 40
can be one continuous piece. While FIGS. 2A and 2B
show rotor core 38 having four poles 40, rotor core 38
can have a number of different configurations that include
a different number of poles 40, such as configurations
that include six or eight poles 40. As seen more easily in
FIG. 2B, poles 40 have a generally T shape with pole
body 40A that is attached to the body of rotor core 38
and wings 40B that extend circumferentially in both di-
rections. The outer surface of poles 40 can be curved so
as to reduce drag on rotor core 38 when rotor shaft 36,
rotor core 38, and poles 40 are rotating at high speeds.
[0014] Wrapped around each of poles 40 are windings
42, which are each continuous wires that are electrically
conductive and wrapped multiple times around pole body
40A of poles 40. The wires of windings 42 can be ar-
ranged in a single layer on poles 40 or can be multiple
layers of wires. Windings 42 are each connected to diode
pack 37, which provides windings 42 with DC current to
cause windings 42 to become an electromagnet. When
rotor shaft 36, rotor core 38, poles 40, and electromag-
netic windings 42 are in operation, they rotate and induce
voltage in main stator assembly 34B which is used to
output electrical energy.
[0015] Pole winding supports 44 are located on each
end of poles 40 and configured to hold the ends of each
of windings 42 in place. Pole winding supports 44 also
function to hold end winding support 46 in place. Pole
winding supports 44 can be fastened to poles 40 by var-
ious means; including adhesive, bolts, rivets, latches,
welds, or other fasteners; and can be made from a variety
of materials, such as a material that is non-magnetic,
including aluminum or plastic.
[0016] At each axial end of rotor core 38 (and poles
40) is end winding support 46, which is configured to
provide end support to windings 42 to prevent the wires
of windings 42 from becoming displaced due to the cen-
trifugal forces exerted on windings 42 by the rotation of
rotor shaft 36, rotor core 38, poles 40, and windings 42.
End winding support 46 has an annular inner surface
(shown in FIGS. 3, 4A, and 4B as annular inner surface
56) that is adjacent to rotor shaft 36 and a flat back surface
(shown in FIGS. 3, 4A, and 4B as flat back surface 52)
that is fastened to rotor core 38 so that end winding sup-
port 46 rotates with rotor core 38 when generator 20 is
in operation. End winding support 46 can be made from
various suitable materials, including non-magnetic ma-
terials such as plastic or aluminum. End winding support
46 is fastened to rotor core 38 by various means, includ-
ing adhesive, welds, bolts, rivets, latches, or other fas-
teners.
[0017] End winding support 46 includes support body
48 (which includes an annular inner surface (shown in
FIGS. 3, 4A, and 4B as annular inner surface 56) that is
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radially adjacent to rotor shaft 36) and winding support
arms 50 (which extend radially outward from support
body 48 and are adjacent to poles 40). The annular inner
surface of support body 48 encircles rotor shaft 36 and
provides an opening for rotor shaft 36 to extend axially
along axis of rotation A. A flat back surface of support
body 48 (shown in FIGS. 3, 4A, and 4B as flat back sur-
face 52) is attached to rotor core 38. The annular inner
surface of support body 48 can be fastened to rotor shaft
36 or can be held adjacent to rotor shaft 36 by being
fastened to rotor core 38. The outer surface of support
body 48 (the surface opposite the flat back surface ad-
jacent rotor core 38, shown in FIGS. 3, 4A, and 4B as
outer surface 54) can include grooves 54A, bolt holes
54B, or other features. Support body 48 can have a rec-
tangular shape (when rotor core 38 includes four poles
40), a hexagonal shape (when rotor core 38 includes six
poles 40), or another shape as is needed by the design,
such as a circular shape, triangular shape, or octagonal
shape.
[0018] Extending radially outward from support body
48 and supporting the ends of windings 42 are winding
support arms 50. A flat back surface of winding support
arms 48 (shown in FIGS. 3, 4A, and 4B as flat back sur-
face 52) is attached to rotor core 38, while the outer sur-
face of winding support arms 50 (shown in FIGS. 3, 4A,
and 4B as winding contact surface 62) is configured to
support windings 42 to prevent windings 42 from becom-
ing displaced during operation. End winding support 46
has at least one winding support arm 50 but; as shown
in FIGS. 2A, 2B, 3, 4A, and 4B; end winding support 46
can have multiple winding support arms 50. The number
of winding support arms 50 should equal the number of
poles 40 and windings 42 to provide support to each wind-
ing 42. As will be discussed in greater detail below, the
outer surface of winding support arms 50 (shown in FIGS.
3, 4A, and 4B as winding contact surface 62) can have
a crowned configuration to reduce the stresses on wind-
ings 42 and also can include grooves (shown in FIGS.
3, 4A, and 4B as wire grooves 64) to prevent the individual
wires of windings 42 from movement. End winding sup-
port 46 includes other features, such as a lubricant man-
ifold, which will be discussed in FIGS. 3, 4A, and 4B.
[0019] FIG. 3 is a perspective view of end winding sup-
port 46, FIG. 4A is a cross-section elevation view of end
winding support 46, and FIG. 4B is a cross-section per-
spective view of end winding support 46. End winding
support 46 includes support body 48 and winding support
arms 50, both of which have flat back surface 52. Support
body 48 includes outer surface 54 (having grooves 54A
and bolt holes 54B), annular inner surface 56, orifices
58, and annulus 60 (together orifices 58 and annulus 60
make up the lubricant manifold). Winding support arms
50 include winding contact surface 62, wire grooves 64,
and lip 66.
[0020] As discussed above, annular inner surface 56
of support body 48 is radially adjacent to rotor shaft 36
so that rotor shaft 36 extends through the annular open-

ing in support body 48 around which is annular inner sur-
face 56. Flat back surface 52 is adjacent to rotor core 38
(which is a bottom surface not viewable in either of FIGS.
3, 4A, or 4B). Support body 48 can be fastened to rotor
shaft 36 or can be held adjacent to rotor shaft 36 without
being fastened to rotor shaft 36 by being fastened to rotor
core 38 on flat back surface 52. Support body 48 can be
fastened to rotor shaft 36 and/or rotor core 38 by various
means, including adhesive, welds, bolts, clasps, rivets,
latches, or other fasteners.
[0021] End winding support 46 is shown in FIGS. 3,
4A, and 4B as having four winding support arms 50 ex-
tending radially outward from support body 48. In FIGS.
3, 4A, and 4B, winding support arms 50 extend outward
from support body 48 at an angle that is perpendicular
to a line tangent to annular inner surface 56 (like rays
extending from a center point), but in other designs wind-
ing support arms 50 can extend radially outward from
support body 48 at another angle so as to be axially
aligned with poles 40 of rotor core 38, such as an angle
that is non-parallel to a line perpendicular to annular inner
surface 56.
[0022] Flat back surface 52 of end winding support 46
(a rear surface of both support body 48 and winding sup-
port arms 50) attaches to rotor core 38 and poles 40.
Winding contact surface 62 of winding support arms 50,
which is opposite flat back surface 52, is in contact with
windings 42 and prevents windings 42 from displacing
when generator 20 is in operation. Winding contact sur-
face 62 can be crowned to reduce the stresses on wind-
ings 42 and can include grooves 64 to prevent the indi-
vidual wires of windings 42 from movement. Winding sup-
port arms 50, and support body 48, can include other
grooves 54A or indents that allow cooling air or lubri-
cant/oil to access various components of main rotor as-
sembly 34A. Additionally, winding support arms 50 can
include lip 66 on the radially outward end to aid in keeping
windings 42 from moving. When rotor core 38 has a con-
figuration that includes four poles 40, winding support
arms 50 will extend radially away from support body 48
at an angle 90 degrees from adjacent winding support
arms 50 so as to be axially aligned with poles 40.
[0023] Within support body 48 are orifices 58 and an-
nulus 60 (which is on annular inner surface 56). Together,
orifices 58 and annulus 60 transfer and disperse lubri-
cant, such as oil, from the surface of rotor shaft 36 and
annular inner surface 56 to windings 42. Orifices 58 are
holes that extend through support body 48 from annular
inner surface 56 to the radially exterior surface of support
body 48 adjacent winding support arms 50. Support body
48 can include any number of orifices 58 having any ori-
entation, with a preferred configuration that transfers lu-
bricant to windings 42 at a rate that keeps windings 42
sufficiently cool without wasting or inefficiently using
more lubricant than needed. FIGS. 3, 4A, and 4B show
a configuration that includes orifices 58 being equally
spaced around end winding support 46 with each of or-
ifices 58 being at an angle that is perpendicular to a line
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tangent to annular inner surface 56. Additionally, each
orifice 58 can have a varying cross-sectional area as or-
ifice 58 extends through support 48, such as an opening
on annular inner surface 56 that is smaller or larger than
the opening on the radially exterior surface of support 48.
[0024] Annulus 60 is an annular groove on annular in-
ner surface 56. Annulus 60 provides a gap between sup-
port body 48 and rotor shaft 36 in which a lubricant, such
as oil, can accumulate and then be transferred through
orifices 58 to winding support arms 50 and windings 42.
The size and depth of annulus 60 is configured to meter
the amount of lubricant allowed to flow through orifices
58 so that the lubricant is not used inefficiently. Addition-
ally, the opening of orifices 58 on annular inner surface
56 can be placed in annulus 60 to allow for lubricant to
flow directly from annulus 54 into orifices 58, or the open-
ing of orifices 58 on annular inner surface 56 can be near
but not in annulus 60 to allow for the lubricant to first flow
along annular inner surface 56 before entering orifices
58. Annulus 60 can have a constant or varying groove
depth depending on design considerations to prevent ex-
cessive lubricant. Also, annulus 60 can be a varying dis-
tance (axially) from flat back surface 52 or can be a
number of annular grooves suited to meter the amount
of lubricant transferred to orifices 58.
[0025] As mentioned above, winding contact surface
62 of winding support arms 50 can be crowned to reduce
stresses on windings 42 while holding the individual wires
in place to prevent displacement during the operation of
generator 20. Additionally, end winding support 46 in-
cludes a lubricant manifold (orifices 58 and annulus 60)
that provides lubricant, such as oil, to windings 42 from
the interior of support body 48, and more specifically from
annular inner surface 56 and rotor shaft 36. Orifices 58
transfer the lubricant/oil while annulus 60 meters the flow
of lubricant to ensure that a sufficient amount of lubri-
cant/oil is being transferred to windings 42 while prevent-
ing excessive lubricant loss. End winding support 46 is
one continuous piece that circumferentially encircles ro-
tor shaft 36 and is threaded onto rotor shaft 36 during
installation. The one-piece configuration of end winding
support 46 is preferred on some generators to provide a
more complete connection between rotor shaft 36 and
end winding support 46 and to reduce the number of piec-
es that can become damaged during operation. Orifices
58 and annulus 60 are integrated into support body 48
to allow for lubricant to be distributed to windings 42 with-
out additional and cumbersome lubricant/oil distribution
components, therefore reducing cost, increasing efficien-
cy, and improving durability.

Discussion of Possible Embodiments

[0026] The following are non-exclusive descriptions of
possible embodiments of the present invention.
[0027] An end winding support for a generator rotor
includes a support body with an annular inner surface
configured to be radially outward from a rotor shaft, a

plurality of winding support arms extending radially out-
ward from the support body, and a plurality of orifices
extending from the annular inner surface of the support
body to an exterior surface of the support body adjacent
the plurality of winding support arms with the plurality of
orifices configured to transfer lubricant from a surface of
the rotor shaft to a plurality of windings located on the
plurality of winding support arms.
[0028] The end winding support of the preceding par-
agraph can optionally include, additionally and/or alter-
natively, any one or more of the following features, con-
figurations and/or additional components:
[0029] At least four winding support arms extend radi-
ally outward from the support body.
[0030] At least four winding support arms extend radi-
ally outward from the support body at an angle perpen-
dicular to the annular inner surface of the support body.
[0031] An annulus on the annular inner surface of the
support body is provided for metering the amount of lu-
bricant transferred to the plurality of windings through the
plurality of orifices.
[0032] A depth of the annulus is constant.
[0033] The plurality of orifices extend from the annulus
on the annular inner surface to the exterior surface of the
support body.
[0034] At least two orifices of the plurality of orifices
are arranged to provide a sufficient amount of lubricant
to each of the plurality of windings.
[0035] At least one orifice of the plurality of orifices is
angled to be non-parallel to a line perpendicular to the
annular inner surface of the support body at the point
where the at least one orifice intersects the annular inner
surface.
[0036] A winding contact surface of each winding sup-
port arm is crowned.
[0037] The end winding support is constructed from
plastic.
[0038] The plurality of orifices are equally spaced cir-
cumferentially around the support body.
[0039] Each of the plurality of orifices are angled to be
perpendicular to the annular inner surface of the support
body at the point where each of the plurality of orifices
intersects the annular inner surface.
[0040] A rotor for a generator includes a shaft, a rotor
core radially outward from the shaft and having a plurality
of poles spanning axially along the rotor core, and an end
winding support radially outward from the shaft and ad-
jacent to the rotor core. The end winding support can
include a support body with an annular inner surface ad-
jacent to the shaft, a plurality of winding support arms
that extend radially outward from the support body, and
a plurality of orifices extending from the annular inner
surface of the support body to an exterior surface of the
support adjacent the plurality of winding support arms.
The rotor also includes a plurality of windings with each
winding being wrapped axially around each of the plural-
ity of poles and a corresponding end winding support
arm. The plurality of orifices are configured to transfer
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lubricant from a surface of the shaft to the plurality of
windings.
[0041] The rotor of the preceding paragraph can op-
tionally include, additionally and/or alternatively, any one
or more of the following features, configurations and/or
additional components:
[0042] An annulus on the annular inner surface of the
support body for metering the amount of lubricant trans-
ferred to the plurality of windings through the plurality of
orifices.
[0043] A winding contact surface of each winding sup-
port arm is crowned.
[0044] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. An end winding support (46) for a generator rotor
comprising:

a support body (48) with an annular inner sur-
face (56) configured to be radially outward from
a rotor shaft (36);
a plurality of winding support arms (50) extend-
ing radially outward from the support body; and
a plurality of orifices (58) extending from the an-
nular inner surface of the support to an exterior
surface of the support body adjacent the plurality
of winding support arms, the plurality of orifices
configured to transfer lubricant from a surface
of the rotor shaft to a plurality of windings (42)
located on the plurality of winding support arms.

2. The end winding support of claim 1, wherein at least
four winding support arms extend radially outward
from the support body.

3. The end winding support of claim 2, wherein the at
least four winding support arms extend radially out-
ward from the support body at an angle perpendic-
ular to the annular inner surface of the support body.

4. The end winding support of claim 1, 2 or 3 further
comprising:

an annulus (60) on the annular inner surface of
the support body for metering the amount of lu-

bricant transferred to the plurality of windings
through the plurality of orifices.

5. The end winding support of claim 4 or 5, wherein a
depth of the annulus is constant.

6. The end winding support of claim 4 or 5, wherein the
plurality of orifices extend from the annulus on the
annular inner surface to the exterior surface of the
support body.

7. The end winding support of any preceding claim,
wherein at least two orifices of the plurality of orifices
are arranged to provide a sufficient amount of lubri-
cant to each of the plurality of windings.

8. The end winding support of any preceding claim,
wherein at least one orifice of the plurality of orifices
is angled to be non-parallel to a line perpendicular
to the annular inner surface of the support body at
the point where the at least one orifice intersects the
annular inner surface.

9. The end winding support of any preceding claim,
wherein a winding contact surface (62) of each wind-
ing support arm is crowned.

10. The end winding support of any preceding claim,
wherein the end winding support (46) is constructed
from plastic.

11. The end winding support of any preceding claim,
wherein the plurality of orifices are equally spaced
circumferentially around the support body.

12. The end winding support of any preceding claim,
wherein each of the plurality of orifices are angled
to be perpendicular to the annular inner surface of
the support body at the point where each of the plu-
rality of orifices intersects the annular inner surface.

13. A rotor for a generator comprising:

a shaft (36);
a rotor core (38) radially outward from the shaft
and having a plurality of poles (40) spanning ax-
ially along the rotor core;
an end winding support (46) radially outward
from the shaft and adjacent to the rotor core, the
end winding support comprising:

a support body (48) with an annular inner
surface (56) adjacent to the shaft;
a plurality of winding support arms (50) that
extend radially outward from the support
body; and
a plurality of orifices (58) extending from the
annular inner surface of the support to an
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exterior surface of the support adjacent the
plurality of winding support arms; and

a plurality of windings (42), each winding being
wrapped axially around each of the plurality of
poles and a corresponding end winding support
arm,
wherein the plurality of orifices are configured
to transfer lubricant from a surface of the shaft
to the plurality of windings.

14. The end winding support of claim 13, further com-
prising:

an annulus (60) on the annular inner surface of
the support body for metering the amount of lu-
bricant transferred to the plurality of windings
through the plurality of orifices.

15. The end winding support of claim 13 or 14, wherein
a winding contact surface of each winding support
arm is crowned.
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